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Research on the Exploration of Methods to Produce
Chlorates and Perchlorates by Means Other Than Electrolytic

I OBJECTIVE

It was- our purpcse to develop a process utilizing dilute czore as the oxident to
convert a chloring-containing compound to perchlorate. This oxidant ranks close to fluorine
as the most powerful oxidizing agent in acid solution. Now that dilute ozcre sells for approxi-
mately ten cents ($0.10) per pound, (1) we intended to develop a process using this cheap,
powerful oxidant,

CONFIDENTIAL SECURITY INFORMATION 5
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CRE e PR

11 SUMMARY

(1) A new reaction has been found for producing perchlorates from chlorates
utilizing ozone as the oxident

(2) Runs bave been made using czone to oxidize chlorate dissolved ia concen-
trated perchloric acid. The single pass yields (based on NaClO3 snd O3) were both found
to be over 85% (Run 4D) at a NaClO3 flow of 76 millimoles per hour.

(3) No perchlocate was produced using lead dioxide and lead tetracetate as
catalysts with ozone in different solvent media.

(4) Future studies will cover complete leboratory developments of ozone as an
oxidant to produce perchjorate from chlorate. Al}! laboratory data will be completed to make
possible a preliminary cost estimate by the enginecering department for this process
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II INTRODUCTION

The work covered by this experimental investigation can be divided inio two major
parts:
(A) The reaction between dilute ozone and chlorate in a concentrated

mineral acid over a range of temperatures.

(B) The reaction batween dilute ozone and chlorate with catalysts in the
absence of copcentrated mineral acids.

The first part of the work proved to be successful, and a complete procesns is now
being developed.

Reactions investigated under (B) yielded no perchlorates and this part of the ex-
perimental work was discontinued when part (A) reaction proved successful.

CONFIDENTIAL SECURITY INFORMATION 7
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IV EXPERIMENTAL PREPARATION OF PERCHLORATES

A. By Keaction of Dilute Dzone on Chlorate in Concentrated Mineral Acid

. (1) General Theoretical Perspective

There are many conflicting reports in the literature on the oxidation of
chlorate to perchlorate by ozone. These are summarized in a literature report by the
Pennsylvania Salt Manufacturing Company (2) and in an interim repost issued by
Mathieson Chemical Corporation (3) on the perchlorate problem. In the former report
the conclusion is drawn that the oxidation of chlorate to perchlorate by ozone may
be possible but would be very inefficient.

The Pennsylvania Salt Manufacturing Company did some experimental
work on the oxidation of chlorate with ozone. These results are listed in Part 11 of
their report (4). In the summary of this report it was stated: *Ozone failed to oxidize
either an alkalipe or acid solution of sodium chlorate * We investigated the action
of ozone on chiorate in basic solution and reached the same conclusjon, that there
was 2o conversion to perchlorate This work ia reported in our Interim Research Report
for period December 1, 1951 to May 31, 1952 (3).

. The present report discusses our results on the ozonolysis of salts in
acid solution. The work was divided into two general categories:

. (a) The action of ozone on chlorate in concentrated mineral acid.
(b) The action of ozone on chlorate with catalysts in the absence
of concentrated mineral acid.

We shall report the work of ozone on chiorste in concentrated mineral acid first, as
this proved to be the most fruitful line of attack.

¢)) Ehlotato in 25% and 60% Perchloric Acid

It is possible to produce some perchlorate from chlorate in strong acid
by simple acid conversion. This is illustrated by the following equation:

2H,SO4 ~+ 3 NaCl03 <) NaCl104 —+ 2 C10, + Hy0 + 2 NaHSO,4
Hete ail of the oxidizing ection comes from the chlorates. In the above equation only
33% of the NaClO3 becomes NaClOy4. In our reactions we attempted to use ozone as
the oxicizing agent. Therefore any conversion over this 33% would indicate that ozone
is taking over as the oxidant.

Below in Table 1 are listed the first experiments using perchloric acid

, as the solvent with chlorate in solution. The ozone stream was a mixture of 1.0%
] ozoo in oxygen.
CN#IDENTIAL SECURITY INFORMATION 8
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Table 2 lists the results of a series of experiments uaing dilute ozone on
sodium chlorate in peachioric acid. The first series of experimenta, numbers, 2A, 2C,
2D snd 20 were run in a column packed with one-quarter inch Berl aaddles. In Experi-
ment 2D we obtained approximately maximum yields for this column on a NaClO3 flow
of 76 millimoles NaClO3/hr. Ta this expariment both the single pass yield (based on

;ZaClO3) and single pass yield (based on O3) were over 85%. This is plotted in Figure

The second series of experiments listed in Table 2 were run in ebout the
same manner, using a column packed with 4 mm Be:: 3addles. The smaller pecking
materia]l has the effect of lengthening the reactor column which should give higher
ozoae efficiency and conversion to perchlorate. This was found to be true and is con-
firmed in experiment 4D, where a single pass yield (based oo NaClO3) of 86.0% and
@ single pass yleld (based oa O3) of 88.2% were obtained on a NaClO 3 flow of 76
millimoles NaClO3 per hour. These experiments are plotted in Figure 3.

It is possible that even higher conversions and ozone efficiencies could be
obtained by improved column design, but this can be carried out mach more effectively
in the pilot plant. This process will be continuous in its operation and in Figure 4
the process is outlined in a preiimipary flow sheet.

This reaction is new, and therefore the mechanism of the reaction is not
fully undersiood. However in our experiments we observed that chlorine dioxide is
liberated and it appears to aid in obteining high convemion to.the perchlorate. This
condition is brought about by having high temperature (100°C.) in conjunctios with
the rwesence of concentrated mineral acid One possible mechaniam for this conver-
sion to perchlorate is presented below.

i

CONPIDENTIAL SECURITY INFCRMATION

e - M



- ——

T TR T =

CONFIDENTIAL SECURITY {NFORMATION

‘my/eojouIIN 9L =

Pl®IA t30d
ejfus % ‘ILON

mo?ﬂb nb 0 nb_uoz -
O1O®°N

powsm

€0I00oN 40 mojy |oorieseyy o

9°L = 309 uj suoz( wedsed Kbjey

:3
® 83
0ls LT cor r'ss 6’0 09°1L 8’8y 1S oLe - = 33 . 24001 or
c Q. -3
2 >
X T A $°L 098 8¢ zu roL "n-s 09°¢ S < o D001 ar
..w. 03 = - » -u
§96 00 st 812 vy (74 ol s0'11 oLe ®GQ P D001 o
280 48 §8
4 ZT X ——$e
o
vy 00 9T 0'& 9y r'oz g'lLl z6°1l 6L°¢ S £s 20001 or
z
- hn l‘alu
oes v . 878 (7 sl 8'9L 81°8 ux : 2 ] I 20001 az
2z ey
oz 00 ou ve6 0'0 97 181 €6l ore - ..m ¢ ..iu..u..m 94001 o4
r & 3250
ozr 00 0'es 56 00 s > st 09°ct G m nBS D001 ve
(petamy> € (pebsoyd Eopyon suew
uo pesog) e ‘pe ne uo pesog) 77} ‘ay Jod ‘ay s0d -9 sDOY
PIoIA sse g -Aouizeg ~1d0emn) PIoIA 3804 ‘pekonseg persoemn “ayfopon  fopon  everp uwajo)  iop0ey *oN
oiBus % nO % nO % ojbuig & nO_U-Z % nO—UBZ s sejowjIN swo ) swoiq uonjog 0300y uprdwe | ‘dugy

NRNT00 d3aNOVd NI AIOV DINOTHIOYAA

%09 NI ZLVA0THD ANIGOS NO ANOZO HLIA SINTARIAdX T

Il 479vL

n

CONFIDENTIAL SECURITY INFORMATION

-

- ———— e+ —————————— - TR~

D AP TN et .

ek e
A e



CONFIDENTIAL SECURITY INFORMATION

1 3NaCIO; 4 2ZHCIO4 —> 3NaClO; + 2ClO; 4 Hy0

2. 2C302 + 3'_)3 + Hp——)Cl207 + H20 <+ 02—)2}‘1C104 + &)2

3. NaCIO3 + O3 ——> NaClO4 + Oy

Equation number 3 points out the fact that one oxy-en atom from the ozone
is attached to the sodium chlorate molecule to form sodium perchlorate.

(3) Chlorate in 65% Sulfuric Acid

The two other mineral acids studied besides perchloric acid for use as
solvent were sulfuric acid and nitric acids, Sulfuric acid eppears to be equally as good
as concentrated perchloric acid for a solvent in this ozone reaction. The experiments
using ‘sulfuri~ acid as solvent are listed in Table 3.

In experiment 41F a conversion of 72.0% was obtained in a packed tower.
It is probable that higher yields would have beer. obtained if precipitation of potassium
perchlorste on the column had been avoided. Further work was not cerried on with this
-solvent. because of the difficulty of eliminating suifate contamination from the perchlor-
ate produoct, In the field of solid propellants the sulfate ion is one of the impurities
that cannot be tolerated in the perchlorate product.

(4) Chlorste in 70% Nitric Acid

The third and final mineraul acid used in this investigation was ntric acid.
This acid appears to be an excellent ‘solvent in this process of converting chlorate to
perchlomte, using ozone as the oxidant.

The only two experirents dosne in this sclvant ate listed in Table III, in
experiments 34 and 35 the chlorate was dissolved in the nitric acid and placed in a
reactor. Ozone gas (diluted with oxygen) was bubbled through the liquid. This
reactor was heated extemally while the gws was on stream In expetiment 35 a con-
version of 90.8% of the chlorate to perchlorate was obtained. Nitric acid has definite
possibilities as a solvent in this ozone process. Here also as with H)SO, the
possible draw back is impurity in the perchlorate due to nitration contamination.
lioweves, according to a representative of the Buresu of Aeronsutics, trace impurities

of nitrate ion can be tolcrated,
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B. Reaction of Dilute Czone on Chlorate with Catalyst ia the
= Absence nf Ooncentrated Minerai Acids

. (f) General Theoretical Perspective

The oxidation of chlorate to perchlorate can be completed oy using lead dioxide
as oxident, This work was fepuited by e Germans (5) who developed a workable process
during World War II1. The process ts being tested in our labomtory at the present time, This
process coaverts the PbO, to PbSO4.

We are carrying oo catalyst studies (3) at the presect time on the conversion
reaction of chlorate to perchlorate. The two catalysts studied recently end reported hete are
lead salts, namely lead dioxide and lead tetracetate. These two salts were used as catalyats
in the reaction of ozone om chlorste in different solvents. ‘These catalysts were planned to
function s a bridge to bring the oxygen atoms in the ozone into union with chlorate to form
perchiorate, The results of these expe-iments are discussed in the ‘sections that follow.

(2 Lead Dioxide as Catalyst

Work was carried on with ozone as the oxidant and PbO, as the catalyst

. with chiorate in dilute solutioms. 'Actual experimeatal conditions are listed below in Table 4.
Iu none of the experiments listed was perchlozate produced. This phase of the work was
discontinued once the ozope on chlorate in concentrated mineral acid was found to produce

v perchlorate in high yield.

CONFIDENTIAL SECURITY iNFORMATION 4
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(3) Liead Tetracetate as Catalyst

L.ead tetracetate is alsc an oridizirg egent in acid solution as is leed dioxide.
Experiments were run attempting to use lead tetracetate as a catalyst in varying concentra.
tions of acetic acid with dilute ozone as the oxidant. The results of these mxperiments are
listed below in Table 5. None of these experiments gave a detectable emount of perchlorate
under the conditions used.

During the course of these runs, the lead tetracetate tended to hydrolyze in the
presence of water and precipitate leaddioxide. Here also as in the case of the lead dioxide

catalyst, the work was dropped once successful results were obtained using ozone on chlor-

ate in concentrated miperal acid to produce perchlorate,
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V. CONCLUSIONS :

(1) A chemical process using ozone to ptoduce perchiorates has been found and
Las pcasibilities of competing economically with presaent electrolytic production. ;

(2) This chemical process converts chlorate to perchlorete in concentrated mineral
acid solution using ozone as the oxident,

(3) Lead dioxide and leed etracetate proved unsuccessful as cetaiyst, under the
conditions used, in coaverting chlorate to petchlorate.

(4) A! presen! there are not enough data available to construct a working pilot
plant foc perchlorate production using ozune ss the oxidant. Future work will obtain this

information.

.
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V1. FUTURE WORK

(1) Expetimental work should be completed on the ozone process for conversion
of chiorate to perchlorate. This will make possible a preliminary cost eatimate on the process.
The following information will be obtained:

(a). Phase disgram of system NaClO3 — NaCiQ4 — HCI04(60%)

(®) Vapor pressure studies, at different temperatures, of 60% HCIO, solutica
saturated with NaClO,.

(c) Densities of process liquors,

(d) Cyclic bench scale operating data to confirm optimum coaditions.

(2) Pilot plant operation of process

- (3) Furtber exploratcry wotk on the ozonolysis of other chlorice compounds such
as HCI, Ci,0, Cl, and HOCI
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FIGURE I '
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FIGURE 3
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PRYING TOWER
NaOH TOWER

P
l PACKED COLUMN — 100°C

BRLCTIOR
Na C1 Oy + Oy — Na Cl Oa-+ Oz

FIGURE 4- FLOW DIAGRAM OF PERGHLORA1
PROCESS USING OZONE AS OXIDANT
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